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© Final drive reduction units and vehicles incorporating such units. 

© The vehicle engine drives through a gearbox half-shafts 
(66) and final drive reduction units (68). In order to reduce 
manufacturing costs without introducing excessive wear, the 
gearboxes of a range of vehicles (covering say a 2:1 power 
range) are alike. The increased power up the range is 
transmitted by driving the gearbox faster via an equalizing 
gear (16) which may be separate or an input stage of the 
gearbox (90) itself. The torques at the output (12) of the 
equalizing gears are the same throughout the range. The 
finai drive reduction (68) have different ratios such as to 
establish the correct wheel speed throughout the range, 
taking into account also different wheel dimensions. The 
final drive reduction units (68) are two stage planetary units 
capable of high reductions needed at the top of the power 
range. The two stages (94, 96) have rotational ly fast planet 
wheels (100, 102) in a common carrier (104) which also forms 
the wheel hub. The first stage (94) has only an input wheel, 
namely a sun wheel (98) which is fixed to the half shaft (66) 
while the second stage (96) has only a fixed wheel which is a 
sun wheel (106) in the case of lower power vehicles. The 
fixed sun wheel is replaced by a fixed annulus in the case of a 
higher power vehicle. 
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FINAL DRIVE REDUCTION UNITS AND VEHICLES 
INCORPORATING SUCH UNITS 

The present invention is concerned broadly with vehicles 
incorporating a gearbox and two final drive reduction units 
transmitting power from the gearbox to a pair of road wheels. 
Such a transmission may be referred to as a transaxle. Naturally 

5 the transmission will incorporate a clutch or clutches (which may 

be integrated into the gearbox) and a differential (which may 
also be integrated into the gearbox) but the invention is not 
concerned with these elements. 

The invention is particularly concerned with agricultural 

lO and construction vehicles in which the load on the transmission 

is severe and in which it is common to provide a range of vehicles 
of different sizes and correspondingly different powers. A range 
of vehicles requires not only a range of engines but a range of 
transmissions adapted to the different powers and to different 

15 road wheel diameters, for example. The present application claims 
priority from our prior application No 82306564.4 (published 
as EP-A— ) , which is concerned with the problem of 

providing a transmission such that the gearbox itself can serve 
a range of vehicles, especially when the powers of the range of 

20 vehicles span a 2-to-l range, or even a greater range. For 

example, the lowest and highest power vehicles may have powers of 
SO kW and lOO kW respectively, or 30 kW and 60 kW respectively 
or 60 kW and 120 kW respectively. 

As explained in the prior application, step-up or 

25 step-down gear adapts the engine torque to the gearbox design 
torque, and may therefore be called an equalizing gear. In a 
range of vehicles there may be one vehicle which has no equalizing 
gear although, as in the example to be described in detail below, 
all vehicles may have an equalizing gear. At least the largest 

30 or most powerful vehicle in the range will have a step-up 

equalizing gear since it will only be possible to transmit enough 
power through the gearbox by runnit it faster. This follows from 
the equation: 
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P = T . w » T. 2 nn (1) 
P = power 
T =* torque 
w * angular velocity 
n = speed in revolutions per second 
Overspeeding the gearbox will result in increased wear but 
wear is directly proportional to speed whereas it is proportional 
to the third power of torque. Thus a 10% increase in speed 
reduces the life of the gearbox by around 10% whereas a 10% 
increase in torque would reduce the life by 25%. Thus it is 
acceptable to get increased power through the gearbox by speeding 
it up but not by overloading it (increasing torque) . The 
reduction in life caused by speeding up is acceptable because of 
the major decrease in construction costs. 

Application of the principle explained above leads to a 
requirement for high step-down ratios in the final drive reduction 
units which can be referred to more briefly as axle gears - 

The object of the present invention is to provide a 
range of final drive reduction units adapted to these requirements 
and which are constructionally similar. The range of units 
according to the invention is defined in claim 1 below. 

It may be found possible to construct the smallest 
vehicle of a range with a single stage axle gear. 

The invention is also concerned with a range of vehicles 
with an improved means of equalizing road speeds, as defined in 
claim 2 below. 

The invention will now be described in more detail, by way 
of example, with reference to the accompanying drawings: in which; 

Fig 1 is a schematic plan view of a first transmission 
incorporating axle gears, 

Fig 2 is a less detailed schematic plan view of a second 
transmission incorporating axle gears, 

Fig 3 is a schematic elevation of a preferred axle gear, 

Fig 4 is a view like Fig 3 showing a modified form of the 
axle gear for a higher power vehicle in a range, and 

Fig 5 is a view similar to Fig 3 showing the use of the 
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axle gear on a steering axle 

Referring to Fig. 1, a main gearbox 10 has an input shaft 
12 which is not driven directly by the engine; rather the engine 
shaft 14 is coupled to the input shaft 12 through an equalizing 

5 gear 16 which has a fixed ratio , as explained below and which may 
consist of two spur gears or an epi cyclic gear, for example. 
Although shown as a separate unit, it is -within the scope of the 
invention to incorporate the equalizing gear 16 in the gearbox 10. 
The latter will be essentially the same from vehicle to vehicle but 

lO will, for example, have different size spur gears keyed on the 
shafts 14 and 12 in input chamber of "the gearbox housing. 

Another possibility is to incorporate the equalizing gear 
between the input shaft 12 and a second shaft 18 coupled by spur 
gears 20, 22 and a forward clutch 24 and also coupled by spur gears 

15 26, 28, 30 (the gear 30 being a reversing gear on a countershaft 32) 
and a reverse clutch 34. The clutches 24 and 34 are the main 
clutches engageable under load. The equalizing gear can be 
constructed by choosing the correct number of teeth for the gears 
20 5 20, 26, 28 and 30. 

20 The second shaft 18 is the input shaft to a range gear 40 

comprising two epicyclic gears 42 and 44 with corresponding brakes 
46 and 48 and a direct drive clutch 50 to the input shaft 52 of 
a change-speed gear 54. The gear 54 is a six-speed constant mesh, 
synchromesh gear with input gears 56 loose on the shaft 52 and 
25 output gears 58 rotationally fast with an output shaft 60- 

Synchronised dog clutch coupling sleeves 62 allow any input gear 56 
to be clutched to the input shaft 52. The output shaft 60 drives 
a conventional bevel gear differential 64 with left and right 
output half shafts 66 ♦ -The shafts 66 drive a pair of wheels of a 
30 tractor by way of respective axle gears 68, the construction of 
which will be described in more detail below. 

The particular form of the gearbox 10 forms no part of the 
present invention. The gearbox illustrated in Fig. 1 has been 
described as a typical example of a gearbox for an agricultural 
35 tractor, with which the invention may be employed. The range gear 
40 (three speeds) and the change-speed gear 54 (six ^speeds) provide 
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a total of 18 speeds in forward or reverse, depending upon which of 
the clutches 24 and 34 is engaged. Additional features of the 
gearbox may be mentioned briefly. Firstly, synchronisation can be 
assisted by a logic circuit 70 which responds to the relative 
speeds of the change-speed gear input and output shafts 52 and 60 
to promote synchronisation by emitting signals on lines 72 and 74, 
The line 72 is connected to the engine governor and the engine is 
speeded up, as appropriate, when the gear is changed down. The 
line 74 is connected to a brake 46 or 48 acting on the transmission 
in the sense of slowing down the drive gear in the case of an up- 

change of gear. 

There is provision for a mechanical front wheel 
drive via a shaft 82 coupled to the output shaft 60 by gears 
84 and a clutch 86. 

Fig. 2 is a schematic diagram of an alternative embodiment 
which employs a transverse gearbox 90 with input drive via bevel 
gears 92. The gearbox 90 may be constructed as described in our 
copending European patent application No. 82 306 452. As shown 
in Fig. 2 an equalizing gear 16 is incorporated between the engine 
shaft 14 and the gearbox input shaft 12. Once again it is possible 
to incorporate the equalizing gear in the gearbox itself, e.g. by 
suitable adaptation of the bevel gears 92. In any event, the 
gearbox 10 of Fig. 1 and the gearbox 90 of Fig- 2 is for the most 
part at least identical from vehicle to vehicle throughout the 
range of vehicles. Before considering the construction of the 
axle gears 68 it will be convenient to consider the torque and 
speed conditions for a range of vehicles and, by way of example, 
it is assumed that the range extends from a 50 kW vehicle up to a 
100 kW vehicle. The following table gives the powers of the 
vehicles in the range for the cases of 3, 4, 5 and 6 vehicles in 
the range, assuming in each case that the powers form a geometrical 
progression . 
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TABLE I 

3 4 5 6 



50 kW 50 kW 50 kW 50 kW 

70 kW 62 kW 60 kW 57 kW 

100 kW • 80 kW 70 kW 66 kW 

100 kW 84 kW 75 kW 

100 kW 87 kW 



100 kW 

For simplicity the case of a range of three vehicles will be 
considered in what follows . It will be convenient to refer to 
high power, medium power and low power vehicles and to employ the 
subscripts H 3 M and L to denote parameters of these vehicles 
respectively* The following assumptions are made. 

Engine speed (nominal) for all vehicles 2200 rpm. 

Vehicle speed (all vehicles) 1.5 to 30 km/h 

Table 2 gives a suitable set of vehicle speeds for the case 

of an 18-speed gearbox 10 or 90, in km/h and without the engine speed 
pulled down by a load. 

TABLE 2 



^^^^ Range 
Change ^"^\6ear 
Speed Gear ^^-^^ 


1 


2 


3 


1 


1.5 


1.95 


2.54 


2 


3.15 


4.10 


5.33 


3 


4.94 


6.43 


8.36 


4 


7.02 


9.13 


11.87 


5 


11.17 


14.52 


18.87 


6 


18.65 


24.25 


31.50 



Driven wheel tyre radii: 
= 0.905 m 



R w = 0.855 m 



= 0.770 m 
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The speeds of the driven wheels in rpm, for a top speed of 
30 km/h, are given by the following equation: 

30.1000 



n = 



2ttR.60 



and we therefore have 

*WK = 93 *** 
n WL = 103 rpm 

where the subscript W denotes wheel speed, as indicated in Figs. 1 
and 2. 

10 Application of equation 1 for an engine speed of 2200 rpm 

shows that the engine torques roust be as follows (for powers of 
100 kW, 70 kW and 50 kW) : 

T„ = 435 Nm 
H 

T = 305 Nm 
M 

15 T L = 218 Nm 

It is further assumed that the gearbox 10 or 90 is 
designed for an input torque of 340 Nm. Now, a step-up equalizing 
gear, with an output to input torque gear ratio of less than unity, 
will reduce torque while a step-down equalizing gear, with an output 
20 to input torque gear ratio of more than unity, will increase torque. 
It can readily be seen that the required equalizing gear ratios g £ are 
as follows: - 

1/g EH = °" 78 Gearbox torque = (435). (0.78) = 340 Nm 

1/g EM = ■ U11 Gearbox torque = (305). (1.11) = 340 Nm 

25 i/ g - 1.56 Gearbox torque = (218). (1.56) = 340 Nm 

EL 

The input speeds (subscript I) to the main gearbox are therefore as 
follows (the gear ratio being the reciprocal of the torque ratio): 

n = 2200/0.78 = 2820 rpm 
IH 

ii = 2200/1.11 - 1982 rpm 
IM 

30 n TT - 2200/1.56 = 1410 rpm 

IL 
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It will further be assumed that the top gear 
(31.50 ^30 km/h) is equivalent to direct drive. It then follows 
that the step- down axle gears 68 must have output to input speed 
ratios g A as follows: 

DO 

e AH = -mo- = 1/32 -° 

S AM = 1982 = 1/21 - 3 



g AL - "UOO" - 1/13 * 6 
Although a ratio of 1/13.6 can be achieved with a single epicyclic 
stage, the ratios 1/32 and 1/21.3 require two stages and it is 

10 preferred to. use two-stage axle gears 68 for all vehicles for unity 
of design and maximum use of identical parts. 

the preferred form of axle drive is shown in Fig. 3 and the 
reasons why it is preferred will be explained in due course. The 
illustrated gear is a single epicyclic gear split into first and 

15 second stages 94 and 96. The half shaft 66 extending from the 

differential in the main gearbox 10 or 90 carries the sun wheel 9 8 
with a number of teeth Z^. (No attempt has been made in Fig. 3 to 
show the relative sizes of the gears.) The first stage sun wheel 
98 meshes with the first ste 

20 rotationally fast with second stage planet wheels 102 and are 

mounted in a common planet carrier 104. The planet carrier forms 
the output element of the gear, and preferably constitutes the hub 
of a driven wheel. Thus spokes or a wheel disc may be fixed 
directly to the planet carrier 104 and connect the planet carrier 

25 to the wheel rim. The planet wheels 100 and 102 have tooth 

numbers and Z^ respectively. The third element of the epicyclic 
gear is not a conventional annulus but is a sun wheel 106 of the 
second stage 96 fixed to a support sleeve 108 which, is, in turn, 
fixed to the frame of the vehicle as indicated at 110. The sleeve 

30 108 thus constitutes the mounting for the axle drive 68 and the 

wheel integral therewith. Moreover, a brake 112 is conveniently 
accommodated inside the axle drive 68 between the first and second 
stages 94 and 96. The second stage sun wheel has a tooth number 

V 



01 1 7945 

- 8 - 

The behaviour of an ep5 cyclic gear is described by the 
equation: 

where n A> n c and n s are the speeds of the annulus, planet carrier 
and sun wheel respectively and £ is the step down ratio from sun 
wheel to annulus with the carrier fixed. Here the "annulus" is 
actually the second sun wheel 106, which is fixed so that n A = 0. 
From equation (3) 

n S g = n c (1 + g) 



10 and 



n c = g 



n s 1 + g 



n /n corresponds to the axle drive gear ratio g A derived above and 

c s 

the required values of g are as follows: 

g AH = 1/32 -° % = 1/31 

g AK = 1/21.3 g M = 1/20.3 

15 g AL = 1/13.6 % = 1A2.6 

The ratio £ for the gear shown in Fig. 3 is readily seen to 
be given by: 

Z 2 \ 

There is another constraint in that the algebraic sum of 
20 Z ± and Z 2 must equal the algebraic cum of Z 3 and Z^. It is found 
possible to achieve values of £ very close to -the desired g^ g M 
and g L given above with Z ± and Z ? the same in all the axle gears. 
Specifically if Z ± = 13 and Z 2 = 65 the following values can be 
set up: 

25 





13 


15 


1 




65 


• 93 " 


" 31 




13 


15 


1 




65 


• 63 


" 21 




13 


22 


1 


«L = 


65 


" 56 


12.7 



20.3 
1 

12.6 



30 



Note that (13 + 65)=(15 + 63)=(22 + 56)=(93 - 15). 

It follows that, in the case of the high power vehicle, the 
gear with Z teeth is no longer a sun wheel 106 as shown in Fig. 3 
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but must be an annulus 106A as shown in Fig. 4. The axle gear of 
Fig- 3 employed for the low and medium power vehicles has the 
planet carrier 104 rotating in the opposite direction to the half 
shaft 66 but in the gear for the high power vehicle (Fig. 4) the 
planet carrier 104 rotates in the same direciton as the half shaft 
66. It is necessary to take account of this by a compensating 
reversal elsewhere in that the transmission for the high power 
vehicle, by rearrangement of a bevel gear, as is well known. In 
the case of Fig. 1, one possibility is to invert the differential 64 
laterally. In the case of Fig. 2 the forward and reverse clutches 
which transmit drive from the bevel gears 92 can become the reverse 
and forward clutches respectively. 

Fig. 5 shows how an axle gear similar to that of Fig. 3, 
but with the brake 112 omitted, can he applied to a steering axle. 
The gear of Fig. 4 can be treated in the same way. The supporting 
sleeve 108 is no longer rigidly fixed to the frame 110 but is 
attached by a vertical pivot 120. A universal joint 122 is 
incorporated in the half shaft 66 in line with the pivotal axis. 
Fig. 5 also shows a wheel disc 12M fixed to the planet carrier 104 
and extending out to the wheel rim 126 carrying the tyre 128. 

Although the main gearbox 10 is not overloaded because the 
correct input torque is established by the equalizing gear 16, the 
axle gears 68 clearly have to be able to handle whatever wheel 
torque is necessary for the size of the vehicle. Accordingly the 
axle gears for higher power vehicles are desirably built more 
strongly than those- for lower power vehicles. In particular it 
is desirable to increase the number of planet wheels 100 and 102 
going up the power range. There may be 2, 3, 4 or even 5 planet 
wheel sets 9 according to the vehicle power. This principle can be 
applied also to the alternative axle gears now to be described. 
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CLAIMS 

1 # A range of final driv reduction units for vehicles having 
different engine powers and/or road wheel diameters, characterised 
in that each final drive reduction unit (68) is a two-stage 
planetary unit with planet wheels (lOO, 102} fixed to rotate 

5 together in a common carrier (104) forming a wheel hub, in that 

the input stage (94) has a sun wheel (98) driven by the 
corresponding axle shaft (66) and is of uniform construction, 
while the output stage (96) has a rotationally fixed sun wheel 
(106) for a lesser final drive reduction ratio in the range, 

lO and has a rotationally fixed annulus (106A) for a greater final 

drive reduction ratio in the range. 

2. A range of vehicles having different engine powers and 
possibly also different driven road wheel diameters, the vehicles 

15 having transmissions and final drive reduction units, characterised 

in that the final drive reduction units (68) have different 
ratios such as to equalize the road speeds. 

3. A range of vehicles according to claim 2, characterised in 

20 that each final drive reduction unit (68) is a two-stage planetary 

unit, at least for the higher power vehicles of the range. 

4. A range of vehicles according to claim 3, characterised in 
that the two stages (94, 96) of the final drive reduction units 

25 (68) have planet wheels (lOO, 102) fixed to rotate together in a 

common carrier (104) forming a wheel hub, the input stage (94) 
has a sun wheel (98) driven by the corresponding axle shaft (66) 
and is of uniform construction, while the output stage X96) has 
a rotationally fixed sun wheel (106) for a lower power vehicle in 

30 the range, and has a rotationally fixed annulus (106A) for a 

higher power vehicle in the range. 
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